Human immunodeficiency virus type 1 (HIV-1) infects target cells through sequential binding of the gp120 subunit of envelope glycoprotein with cellular receptors. Binding to the primary receptor, CD4 (26, 47, 50, 51) , induces a gp120 conformation that is permissive for interaction with a coreceptor, which is required for envelope-mediated fusion (3, 7, 21, 28, 30, 32, 35) . CCR5 is the front line coreceptor for commonly transmitted forms of HIV-1 and CXCR4 serves this role for T-cell-tropic (T-tropic) strains that evolve late in the course of infection (22, 24, 28, 29, 60, 70) . CCR5 and CXCR4 belong to the chemokine receptor family, which transmit signals through heterotrimeric G proteins (3, 8, 7, 35) . T-tropic HIV-1, designated X4 strains based on the functional relationship with CXCR4, has been suggested to be more virulent than R5 or macrophage-tropic strains (7, 9, 23) , possibly due to the wider spectrum of target cells that express CXCR4 (13) .
The exclusive ligand of CXCR4 is stromal cell-derived factor 1 (SDF-1), a member of the family of chemo-attractant cytokines (54, 56) . This chemokine has been demonstrated to play a critical role during embryologic development in the homing of hepatic hematopoietic precursors to bone marrow, the arborization of small blood vessels, the formation of the cerebellum, and B-cell lymphopoiesis (54, 71) . SDF-1 regulates homing and directed the migration of lymphocytes and modulates the expression of cell surface adhesion molecules (18, 66) . SDF-1 can interfere with infection by X4 strains of HIV-1 by receptor blockade and downmodulation from the cell surface (54, 56, 68) . Activation of CXCR4 by SDF-1 or gp120 may induce cell activation and apoptosis of neurons and CD4 ϩ cells (10, 12, 27, 39, 42, 55, 69) .
The structural basis for the interaction of CXCR4 with SDF-1 and HIV-1 envelope glycoproteins has not yet been elucidated. Structure-function studies with chimeras, point mutants, or domain-specific monoclonal antibodies (MAbs) indicate that these functions involve multiple domains of the receptor and are not coincident (14, 16, 19, 20, 31, 33, 35, 41) . Whereas the membrane-proximal region of the N-terminal (NT) extracellular domain and the third extracellular loop (ECL3) appear to be critical for SDF-1 binding and signaling, regions contiguous to the second ECL have been implicated in coreceptor activity (14, 15, 16, 31) . Studies with CXCR4 mutants that are not coupled to G proteins have revealed that coreceptor activity is independent of signal transduction (31, 52) . In contrast, it has been shown that signaling through CCR5 is required for fusion of R5 viruses with primary CD4 ϩ T lymphocytes (2) , although signal transduction is not necessary for infection of cell lines (4, 5, 34, 38) .
Cell fusion with syncytium formation represents an important cytopathic effect of HIV-1 infection that may be a critical mechanism for depletion of CD4 ϩ T lymphocytes (49, 50, 51, 62, 67) . Syncytium formation results from the interaction of the gp120 subunit of envelope glycoprotein expressed on infected cells with CD4 and a coreceptor, typically CXCR4, on the surface of target cells (3, 11, 28, 32, 35, 50, 51, 62, 67) . The involvement of cytoadhesion molecules in syncytium formation has been demonstrated by inhibition with MAbs to LFA-1 and ICAM-1 (17, 37, 40, 65) and the observation that LFA-1-deficient CD4 ϩ T lymphocytes exhibit decreased syncytium formation (57) . Moreover, this process can be enhanced by the modulation of LFA-1 conformation using the NKI-IL-16 MAb (6).
In the physiologic response to SDF-1 signaling through CXCR4, rolling of T lymphocytes and tight adhesion to endothelial cells is dependent upon LFA-1 activation (18, 25, 45) . Similarly, SDF-1 activates integrins (VLA-4 and VLA-5) in CD34 ϩ cells (57, 66) . These findings link CXCR4 signaling to integrin activation in physiologic responses and implicate this mechanism in HIV-1 infection as well. Here we demonstrate that an MAb to the ECL3 of CXCR4, A80, has the unique properties of inducing cell agglutination and enhancing syncytium formation by HIV-1, providing additional evidence for the association between CXCR4 signaling and cell adhesion. This unique activity of the A80 MAb provides important insights into the mechanism for CXCR4 function in physiologic responses and HIV-1 envelope-mediated membrane fusion.
MATERIALS AND METHODS
Reagents. RPMI 1640 medium (Sigma Chemical Company, St. Louis, Mo.) supplemented with 10% fetal calf serum (FCS) (Sigma), 100 U of penicillin per ml, and 100 g of streptomycin per ml (hereinafter called RPMI medium) was used for cultivation of all of the cells used. Anti-human CD3 MAb (OKT-3) was purchased from the American Type Culture Collection (Rockville, Md.). Antihuman CD28 MAb was purchased from R&D (Minneapolis, Minn.). Magnetic beads conjugated with anti-CD8, and unconjugated tosylactivated beads (M-450) were purchased from Dynal; the latter were conjugated with anti-CD3 and anti-CD28 MAb (anti-CD3/CD28 beads) according to the manufacturer's recommendation. The fluorescein isothiocyanate (FITC)-or phycoerythrin (PE)-labeled MAbs anti-human CD2, CD3, CD4, CD8, CD11a, CD14, CD18, CD20, CD28, CD29, CD50, CD54, CD69, and CD102 and FITC-labeled streptavidin were purchased from Beckman-Coulter. The mouse anti-human CXCR4 MAbs purchased were 12G5 (FAB170), FAB171, FAB172, and FAB173 (R&D). A rat immunoglobulin G1 (IgG1) MAb against hepatitis C virus (HCV), , was used as a rat isotype-matched negative control.
Goat anti-rat IgG (heavy and light chains) labeled with either FITC or peroxidase (POD) was purchased from American Corlex. Streptavidin-POD was purchased from Dako. PE-labeled MAb anti-HIV-1 p24 was purchased from Beckman Coulter. MAbs against adhesion molecules used for blocking of adhesion were anti-LFA-1 alpha chain (CD11a) (clone TP1/32; Upstate Biotechnology, Inc.), anti-LFA-1 beta chain (CD18, clone MHM23; Dako), anti-ICAM-1 (CD54, clone 84H10; Beckman-Coulter), anti-ICAM-2 (CD102, clone B-T1; Beckman-Coulter), anti-ICAM-3 (CD50, clone HP2/19; Beckman-Coulter), and anti-VLA beta chain (CD29, clone BB4; Beckman-Coulter). The CXCR4 ligands used were recombinant SDF-1 (R&D) and T22 (53) . Pertussis toxin (PTX) (Seikagakukogyo, Tokyo, Japan) and wortmannin (WMN) (Wako Pure Chemicals, Kyoto, Japan) were used to block SDF-1 signal pathway. Phorbol 12-myrisate 13-acetate (PMA) was purchased from Sigma. WMN and PMA were dissolved at 100 g/ml in dimethyl sulfoxide and diluted to a final concentration of 0.1 g/ml in culture medium.
Cells. Cell lines used included human T-cell lines (CEM, Molt-4, Jurkat, Hut78, and MT-2), human B-cell lines (BJAB and Raji), human myeloid cell line (THP-1), a human erythroblastoid cell line (K-562), a human glioblastoma cell line (U-87 MG), a monkey kidney cell line (Cos-1), a WKA rat kidney cell line (W7KSV) and a rat T-cell line (W7TM-1) (63), and a mouse myeloma cell line (SP2/0). Fresh peripheral blood mononuclear cells (PBMC) were isolated from heparinized blood of healthy donors by Ficoll-Hypaque density gradient centrifugation. PBMC or PBMC depleted of CD8 ϩ T cells by an immunomagnetic method with anti-CD8 antibody-conjugated magnetic beads were cultured at 2 ϫ 10 6 cells/ml in RPMI medium containing 50 U of human recombinant interleukin-2 (rIL-2; Shionogi Pharmaceutical, Osaka, Japan)/ml in the presence of the anti-CD3 (OKT3 from the American Type Culture Collection)/CD28 beads at a cell/bead ratio of 1:1 in a 12-well plate (Falcon). On days 3 and 6, the cells were collected, diluted 1:4 with fresh RPMI medium with 50 U of rIL-2/ml, and restimulated with the anti-CD3/CD28 beads at a cell/bead ratio of 1:1.
Generation of rat MAbs. The human CXCR4 expression plasmid was kindly provided by K. Matsushima (University of Tokyo). The CXCR4-expressing cells generated were A62 cells of Cos-1 origin, and the 0.5a cells were of W7TM-1 origin (63). The human CCR5 gene was isolated by PCR performed directly on a human genomic DNA, and its sequence was confirmed before transfer into XhoI and NotI sites in the expression vector, BCMGSNeo (46) . The primers used for PCR amplification were as follows: sense, 5Ј-CTCGAGAACAAGATGGA TTATCAA-3Ј; and antisense, 5Ј-GCGGCCGCGAGTCCGTGTCACAAGCCC ACA-3Ј. The CCR5-expressing cells generated were A41 cells of Cos-1 origin, and the W516 cells were of of W7KSV origin. These transfectants were selected and maintained in the presence of 0.5 mg of G418 (Gibco)/ml. Expression of the transgenes was confirmed by a Northern blot assay and a flow cytometric analysis with commercial antibodies against human CXCR4 and human CCR5. Lines of MAb-producing hybridomas were generated as described previously (64) . Briefly, WKA rat spleen cells immunized intraperitoneally with 0.5a or W516 cells at 10 7 cells/animal every 2 weeks for 2 to 4 months were fused with SP2/0 cells by using polyethylene glycol 4000 and were selected in hypoxanthine-aminopterin-thymidine medium. Specific antibody screenings were performed by an indirect immunofluorescence assay on A40 and A62 cells. Hybridomas were cloned by limiting dilution, and MAbs were produced in culture medium or in ascitic fluid of BALB/c nude mice. IgG fractions were obtained from ascitic fluid by a gel filtration chromatography with Superdex G200 (Amersham Pharmacia). The immunoglobulin isotype and subclass of a new MAb were determined by using an enzyme-linked immunosorbent assay (ELISA) kit (Zymed).
Immunofluorescence. Sample cells (1 ϫ 10 5 to 5 ϫ 10 5 ) were incubated in a volume of 100 l of phosphate-buffered saline (PBS) containing 2% FCS and 0.1% sodium azide (referred to as fluorescence-activated cell sorting [FACS] buffer) and 100 g of normal human IgG/ml for 15 min on ice. The cells were reacted with 0.1 ml of hybridoma culture supernatants, 5 g of purified antibody, or appropriately diluted FITC-labeled antibodies/ml for 30 min on ice, and then they were washed twice with FACS buffer. For the detection of unlabeled rat IgG, these cells were further incubated with 100 l of 1:100 diluted goat anti-rat IgG labeled with FITC containing 100 g of normal goat IgG/ml for 30 min on ice. After being washed, the cells were fixed with 1% paraformaldehyde in FACS buffer for 5 min at room temperature and then analyzed on a flow cytometer (FACSCalibur) by using the CellQuest software (Becton Dickinson). The area of positivity was determined by using an isotype-matched mouse MAb (BeckmanCoulter) or a rat IgG1 MAb (Mo-8).
Immunoprecipitation and immunoblot. Cells (2 ϫ 10 7 cells) were lysed in 1 ml of lysis buffer containing either 1% Brij 97 (Sigma) or 0.5% NP-40 in 20 mM Tris-HCl (pH 8.2)-0.15 M NaCl-5 mM iodoacetamide-1 mM phenylmethylsulfonyl fluoride. For immunoprecipitation, a volume of 100 l of cell lysates was incubated with 1 g of MAb on ice for 30 min and precipitated with 10 l of protein G-Sepharose (Amersham Pharmacia) at 4°C overnight. Washed precipitates were treated with the sample buffer at 37°C for 30 min in nonreducing conditions and separated by sodium dodecyl sulfate-10% polyacrylamide gel electrophoresis (SDS-10% PAGE). The separated proteins were transferred to polyvinylidene difluoride membrane (Pierce). The membranes were reacted with rat MAbs, followed by reaction with POD-labeled goat anti-rat IgG. The binding of MAb was visualized by using the ECL substrate (Pharmacia), followed by analysis with Fluor-S MAX MultiImager (Bio-Rad).
Cell agglutination assay. Anti-CD3/CD28 bead-activated PBMC, CEM cells, and BJAB cells were washed once and resuspended in RPMI medium at 2 ϫ 10 6 cells/ml, separated into aliquots in 48-well flat-bottom plates (0.5 ml/well), and then preincubated with 1 g of PTX/ml, 100 M WMN, 1 g of SDF-1␣/ml, 5 M T22, or 20 g of MAbs (including anti-CD11a, CD18, CD50, CD54, CD102, and CD29)/ml for 30 or 60 min at 37°C, followed by incubation with 2 g of A80 IgG/ml. After overnight incubation, cells were observed for agglutination under an inverted microscope at magnification of ϫ40 or ϫ100. PMA was used to activate LFA-1 on BJAB cells and to downmodulate CXCR4 on CEM cells at 0.1 g/ml.
HIV-1 infection. The HIV-1 strains used were molecular clones of NL4-3 (1) and JR-CSF (48). These HIV-1 stocks produced in Cos-1 cells were obtained from Y. Koyanagi (Tohoku University). Infectious titers of each virus stock were determined by endpoint dilution assay with activated PBMC and are expressed as 50% tissue culture infective doses (TCID 50 ). Either ten million PBMC activated for 6 days with anti-CD3/CD28 beads and depleted of CD8 ϩ T cells or CEM cells were washed once with RPMI medium and incubated with 1,000 TCID 50 of HIV-1 in a 0.2-ml volume for 3 h at 37°C. The infected PBMC and CEM cells were subsequently washed twice with fresh RPMI medium and cultured at 2 ϫ 10 5 cells/ml for 5 and 8 days, respectively, in 48-well culture plates (0.5 ml/well) in the presence or absence of 10 g of MAbs/ml. CEM cell cultures were split 1:2 with fresh medium on days 4 and 6. Culture supernatants were examined for production of cell-free HIV-1 p24 by using an ELISA kit (Zepto Metrix Corporation). The number of syncytia per culture well was microscopically determined by using a hemocytometer at a magnification of ϫ100. Data were analyzed by using the Student's t test. , and amino acids 258 to 279 (NTFQEFFGLNNCSSS-NRLDQAM)-were synthesized by the step-wise solid-phase procedure of Na9-fluorenylmethoxycarbonyl chemistry on an automated peptide synthesizer (PSSM-8; Shimadzu, Kyoto, Japan). All peptides used were Ͼ90% pure as judged by a high-pressure liquid chromatographic analysis (data not shown). These peptides were immobilized onto 96-well flat-bottom ELISA plates (Nunc) by incubation at 100 l/well of a 10-g/ml concentration of peptide in PBS at 4°C overnight. The immobilized peptides were then tested for reactivity with an antibody by an ELISA as described previously (64) . Epitopes recognized by anti-CXCR4 MAbs were also determined by using chimeric receptors. The chimeric receptors composed of CXCR4 and CXCR2 were constructed by the PCR-ligation-PCR approach as described previously (52) . Cos-1 cells transfected with each receptor plasmid by means of electroporation by using the Gene Pulser II (Bio-Rad). After culture for 48 h, the cells were harvested and examined for reactivity with MAbs by an indirect immunofluorescence assay. Ca 2؉ mobilization assay. CEM cells at 10 7 cells/ml were loaded with 4 M fluo-3-acetylozymethyl ester (Fluo-3; Molecular Probes, Eugene, Oreg.), a Ca 2ϩ indicator, for 30 min at 37°C. After either stimulation with 0.5 g of SDF-1␣/ml or treatment with each MAb at 10, 50, and 100 g/ml, the intracellular Ca 
RESULTS

Generation of novel MAbs to CXCR4: A145 is active in immunoblotting.
Three MAbs to human CXCR4 were generated by immunization of WKA rats with a syngeneic transfectant cell line programmed to express human CXCR4. The specificity of these IgG1 MAbs, designated A80, A120, and A145, was established by indirect immunofluorescence analysis of CXCR4 transfectants by using anti-CCR5 MAbs as control myeloma proteins. These MAbs lacked reactivity with control cells and CCR5 transfectants. Analysis of a panel of cell lines demonstrated that all known to express CXCR4, including CEM (Fig. 1) , Molt4, Jurkat, Hut78, K562, THP-1, BJAB, and Raji cells (data not shown), stained positively with A80, A120, and A145. The three MAbs did not react with U-87 MG cells, which lack CXCR4 expression, or with CCR1, CCR2B, CCR3, or CCR5 HOS-CD4 transfectants (data not shown).
The reactivity of these MAbs with CXCR4 was further analyzed by immunoprecipitation, followed by immunoblotting. Analysis of CEM cell lysates by immunoblotting revealed that A145, but not A80 or A120, detected a 50-kDa protein corresponding to CXCR4 (data not shown). Figure 2 shows that A145 had the unique ability among the three MAbs to specifically immunoprecipitate CXCR4 from detergent lysates (Brij Effects of anti-CXCR4 MAbs on HIV-1 infection: enhancement by A80. The effects of the three anti-CXCR4 MAbs on HIV-1 infection were determined in experiments with R5 and X4 strains and activated PBMC and CEM cells as targets. Figure 3 shows that, unlike A120 and A145, A80 induced syncytium formation in PBMC cultures infected with either X4 or R5 strains. A80 also significantly enhanced productive infection of CD8-depleted PBMC with R5 HIV-1 and of CEM cells with X4 HIV-1 (P Ͻ 0.05), as demonstrated in Table 1 . A80 also induced syncytium formation by R5 and X4 strains in the PBMC and X4 strains in CEM cells ( Table 1 ). The novel properties of inducing syncytium formation and enhancing infection are unique among MAbs to CXCR4, including the commercial MAbs, 12G5, F171, F172, and F173.
Induction of cell agglutination by A80. It was reasoned that the induction of syncytium formation and enhancement of HIV-1 infection by A80 may be the result of increased intercellular adhesion. The role of cytoadhesion molecules and CXCR4 signaling in the mechanism for the development of agglutination of cells by A80 in the absence of HIV-1 infection was determined. As shown in Fig. 4A and B, MAbs to LFA-1 (CD11a and CD18), ICAM-1 (CD54), ICAM-2 (CD102), and ICAM-3 (CD50) had minimal effects on agglutination mediated by A80. In addition, a MAb to the beta chain of VLA (CD29) lacked inhibitory activity (data not shown), and it is doubtful that LFA-2 (CD2) plays a role because CEM cells did not express this protein.
Blocking studies were performed to ensure that the MAbs to cytoadhesion molecules inhibit adhesion of BJAB cells induced by PMA. As shown in Fig. 4C , agglutination after exposure to PMA was completely blocked by the MAbs to LFA-1 (CD11a and CD18) and ICAM-1 (CD54) but not by the MAb to ICAM-2. In contrast, A80 induced agglutination of BJAB cells that was not inhibited by the MAbs to LFA-1, ICAM-1, or ICAM-2. These results confirm that binding of A80 to CXCR4 on the cell surface induces agglutination via a novel mechanism.
Engagement of CXCR4 by SDF-1 or T22, a polypeptide CXCR4 antagonist, did not result in intercellular agglutination, but exposure to both inhibited the ability of A80 to induce this effect (Fig. 4A and B) . Downmodulation of CXCR4 with PMA (61) completely abolished the agglutination of CEM cells after A80 binding (data not shown). Figure 4A and B also show that inhibitors of G␣i, PTX, and G-protein-coupled receptor signaling, WMN, did not influence the induction of agglutination by A80. These findings indicate that CXCR4 signaling is not required for the A80-induced agglutination but that the role of CXCR4 is critical.
A80 binds to ECL3 of CXCR4. The epitopes recognized by A80, A120, and A145 MAbs were mapped by enzyme-linked immunosorbent assay (ELISA) with a panel of synthetic peptides spanning the four extracellular domains of CXCR4. An   FIG. 4 . Effects of MAbs against various adhesion molecules, CXCR4 ligand, CXCR4 antagonist, and SDF-1 signal-blocking reagents on A80-induced cell agglutination. Activated PBMC (A), CEM cells (B), and BJAB cells (C) were preincubated with 20 g of anti-LFA-1 CD11a, anti-LFA-1 CD18, anti-ICAM-1 (CD54), or anti-ICAM-2 (CD102) and anti-ICAM-3 (CD50)/ml; 1 g of SDF-1␣/ml; 5 M T22; 0.1 g of PTX/ml; 0.1 g of WMN/ml; or various mixtures thereof at 37°C. After 1 h, either A80 (final concentration, 2 g/ml) (A and B) or PMA (0.1 g/ml) (C) was added, and the mixtures were incubated at 37°C overnight. Cell agglutination was observed under an inverted microscope at an original magnification of ϫ40. The "medium" panel was cultured in the absence of A80. Representative results from three independent experiments are shown.
analogous panel of peptides from CCR5 served as controls. As shown in Table 2 , A145 bound specifically to the peptide corresponding to the NT domain of CXCR4 and A80 and A120 did not bind to any of the peptides. To determine whether the latter two MAbs bound to epitopes that required expression of the native receptor on the cell surface, they were tested for binding to an array of CXCR4/CXCR2 chimeras in transientexpression experiments. The binding of A80 to chimeras corresponded to the presence of CXCR4-ECL3 (Table 3) . In contrast, A120 showed optimal binding to chimeras that contained ECL1 and ECL2 of CXCR4, a result similar to that for MAb 12G5.
A80, A120, and A145 do not induce CXCR4 signaling. Since the binding of A80 to CXCR4 induced agglutination of CEM cells and PBMC, experiments were performed to determine whether binding of any of the three MAbs to CXCR4 induced a prototypic G␣i signaling response, i.e., mobilization of cytosolic calcium ions (Fig. 5) . Whereas SDF-1 stimulated an influx of free calcium ions in CEM cells labeled with Fluo-3, exposure to A80, A120, or A145 did not induce calcium mobilization. Pretreatment of CEM cells with A120, but not A80 or A145, blocked the calcium response induced by SDF-1.
DISCUSSION
Here we report the characterization of a new set of three rat MAbs to human CXCR4, one of which, A80, has unique biologic properties. Binding of A80 to ECL3 of CXCR4 on the surface of target cells enhanced productive infection by X4 and R5 strains of HIV-1 and augmented syncytium formation. A80 also induced agglutination of PBMC and CEM cells. The agglutination induced by A80 was blocked by SDF-1 and T22, a specific ligand and an antagonist of CXCR4, respectively, but not by inhibitors of CXCR4 signal transduction or MAbs to cytoadhesion molecules. The A120 MAb recognized an epitope that involved ECL1 and ECL2, and A145 bound to a peptide corresponding to the NT extracellular domain. A145 MAb bound CXCR4 in immunoprecipitation and Western blotting experiments, indicating that A145 bound an epitope that was not dependent upon native conformation of this domain. A120 blocked infection via CXCR4.
The mechanism for the enhancement of HIV-1 infection by A80 is novel. This effect was not altered by inhibition of signaling by the G␣i protein pathway or the phosphatidylinositol 3-kinase cascade and was accompanied by the induction of syncytium formation. A80 alone did not affect G-protein-mediated signaling, and SDF-1 did not induce agglutination; thus, the mechanism for stimulating this intercellular adhesion must involve an alternative pathway. The engagement of CXCR4 by SDF-1 or T22 blocks the effect of A80 on the agglutination of target cells. Analysis of structural requirements for the activation of signaling by SDF-1 has implicated ECL3 and adjacent transmembrane domains of CXCR4 (31). Thus, it is possible that binding of this CXCR4 domain by A80 may induce conformational changes in the receptor that activate a novel signaling pathway. The agglutination mediated by A80 binding to CXCR4 involves the development of intercellular adhesion. The stimulation of T lymphocyte and hematopoietic progenitor interactions with endothelial cells by SDF-1 has been shown to involve LFA-1 and VLA4/5, respectively (18, 45, 58) . However, although a single MAb against a single epitope on an adhesion molecule may be not sufficient to interfere with adhesion function, cell adhesion blocking experiments with a set of MAbs against LFA-1, ICAMs, and CD29 (a common chain of the ␤1 integrin family) suggested that A80-mediated cell agglutination is independent of LFA-1, VLA4, and VLA5. Recent studies have demonstrated that the CX3C chemokine (fractalkine or neurotactin [fractalkine/neurotactin]) is capable of mediating firm intercellular adhesion through CX3CR1 that is resistant to pertussis toxin, exposure to EDTA or EGTA, and MAbs to ␤1 or ␤2 integrins (36, 43) . Both CXCR4 and CX3CR1 effects are independent of receptor coupling to G␣i signaling and the function of the ␤1 or ␤2 integrins, but the latter mechanism requires that the chemokine module of fractalkine/neurotactin be attached to the mucin stalk that tethers it to the cell surface (43) . Our preliminary studies showed that A80-mediated cell agglutination did not occur in the presence of 1 mM EDTA or EGTA and at 4°C (data not shown), suggesting that the cell agglutination is dependent on both calcium and temperature. Future experiments will determine whether monovalent fragments of A80 can induce syncytium formation and agglutination.
The set of new anti-CXCR4 MAbs will also serve as critical domain-specific reagents to study the function of CXCR4. Whereas A120, which recognizes an epitope involving ECL1 and ECL2 of CXCR4, blocked infection with X4 HIV-1, A80 enhanced productive infection. Binding of A145 to the NT extracellular domain resulted in low-level inhibition of HIV-1 infection. ECL2 and adjacent segments of CXCR4 have been implicated in its coreceptor activity with T-tropic envelope glycoproteins, but chimeras containing the NT extracellular domain did not support envelope-mediated fusion with dualand T-tropic envelope glycoproteins (14-16, 19, 20, 31) . Similarly, A120, but not A80 or A145, inhibited SDF-1 signaling through CXCR4. Binding and signaling studies with CXCR4/ CXCR2 chimeras have implicated the segment between Cys28 and the interface with the first transmembrane helix of CXCR4 in the interaction with SDF-1 (31). It is therefore likely that A145 binds with the portion of this domain that is N terminal to Cys28, which contains more residues that are divergent between human and rodent CXCR4 homologs. The distinct biologic properties of these three MAbs establish the specificity of these reagents and illustrate the complexity of the structural basis of CXCR4 functions, both physiologic and pathological. The activities of the MAbs to epitopes in the NT and a Microtiter plate wells coated with peptides were incubated with rat MAbs at 5 g/ml for 30 min at room temperature, followed by incubation with anti-rat IgG conjugated with POD for 30 min. Then, the level of POD activity bound to wells was measured. Representative results from four independent experiments are shown. aa, amino acids; OD 450 , optical density at 450 nm. a Cos-1 cells transfected with CXCR4 and CXCR2 chimeric genes by means of electroporation and cultured for 2 days were stained with MAbs, followed by treatment with goat anti-mouse or rat IgG-FITC, and analyzed on a flow cytometer. Mo-8, negative control. Representative results from three independent experiments are shown. ECL1/2 domains show excellent correlation with our understanding of CXCR4 function derived from molecular genetic approaches. This set of domain-specific immunologic reagents should be a critical tool for dissecting the structural basis for CXCR4 functions, including novel activities in cytoadhesion.
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